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(54) Projection optical system and projection type displaying apparatus using the same 



(57) With a view to provide a projection optical sys- 
tem using an oblique projection method which contrives 
the downsizing of an apparatus and yet secures a ratio 
of quantity of marginal light and which is high in the en- 
larging rate, and a projection type displaying apparatus 
using the same, a projection optical system for guiding 
a beam from an image display panel onto a screen sur- 
face inclined relative to a reference axis, and forming 
image information on the screen surface has a reflecting 
optical system which has a plurality of rotation-asym- 
metrical reflecting surfaces having curvatures, and in 
which the beam from the image display panel is reflect- 
ed by the plurality of rotation-asymmetrical reflecting 
surfaces and is guided onto the screen surface, and a 
stop is provided between the plurality of rotation- asym- 
metrical reflecting surfaces of the reflecting optical sys- 
tem or between the reflecting optical system and the im- 
age display panel, and the stop is set so as to be imaged 
at a negative magnification by an optical member dis- 
posed more adjacent to the screen than the stop posi- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to a projection optical system and a projection type displaying apparatus using the 
same, and in suitable for an optical apparatus such as a liquid crystal projector (projection) for directing a beam light- 
modulated by an image displaying panel such as a liquid crystal display element (liquid crystal panel) or a digital 
10 micromirror device to a screen or a wall, and forming image information. 

Related Background Art 

[0002] There have heretofore been proposed various passive type projectors for illuminating an image displaying 
is panel such as a liquid crystal panel by a beam from a light source, enlarging and projecting it onto a screen or a wall 
by a projection lens by the use of transmitted light or reflected light light-modulated by the image displaying panel and 
forming an image. 

[0003] There have been proposed various projection optical systems for use for projection capable of effecting ob- 
lique projection onto a screen to shorten the distance between the screen and the apparatus. Fig. 1 5 of the accompa- 

20 nying drawings is a schematic view of an embodiment of a projection optical system disclosed in Japanese Patent 
Application Laid-Open No. 05-100312. In Fig. 15, L designates an illumination system, and LV denotes a light valve 
using transmission or reflection type dot matrix liquid crystal or the like. An image based on the light valve LV is enlarged 
and projected onto a screen S by a projection optical system PL, and is displayed on the screen S. In the invention of 
this publication, a wide angle lens having a great angle of field is used as the projection optical system PL, and the 

25 light valve LV and the screen S are shifted and disposed relative to the optical axis La of the projection optical system 
PL, and projection is effected by the use of the end portion of the angle of field to thereby constitute an oblique projection 
optical system. 

[0004] Fig. 16 of the accompanying drawings is a schematic view of an embodiment of a projection optical system 
disclosed in Japanese Patent Application Laid-Open No. 05-080418. In Fig. 16, L designates an illumination system, 

30 and LV denotes a light valve using transmission or reflection type dot matrix liquid crystal or the like. An image based 
on the light valve LV is projected by a first projection optical system PL1 to thereby form an intermediate image, which 
in turn is enlarged and projected onto a screen S by a second projection optical system PL2. In the invention of this 
publication, the optical axes of the first and second projection optical systems are appropriately inclined to thereby 
project the image obliquely onto the screen. 

35 [0005] Also, in republished Patent No. WO 97/01 787, there is disclosed a projection optical system for projecting an 
image from an oblique direction by the use of a plurality of reflecting surfaces. 

[0006] On the other hand, recently, there have been proposed various imaging systems utilizing a non-coaxial optical 
system to achieve the downsizing of the entire optical system. In the non-coaxial optical system, the concept of the 
reference axis is introduced and a constituent surface is made into an asymmetrical aspherical surface, whereby it is 
40 possible to construct an optical system in which aberrations are sufficiently corrected, and a designing method therefor 
is shown, for example, in Japanese Patent Application Laid-Open No. 9-5650, and examples of the design thereof are 
shown in Japanese Patent Application Laid-Open No. 8-292371 and Japanese Patent Application Laid-Open No. 
8-292372. 

[0007] Such a non-coaxial optical system is called an off-axial optical system (when supposing a reference axis along 
45 a ray passing through the center of an image and the center of a pupil, an optical system defined as an optical system 
including a curved surface (off-axial curved surface) in which a plane normal at the point of intersection between the 
constituent surface and the reference axis is not on the reference axis, and at this time, the reference axis is of a bent 
shape). In this off-axial optical system, the constituent surface is generally non-coaxial and eclipse does not occur 
even in a reflecting surface and therefore, it is easy to construct an optical system using a reflecting surface. The off- 
50 axial optical system also has the feature that it is easy to make an integral type optical system by a technique of 
integrally molding the constituent surface whereby an optical path can be relatively freely designed. 
[0008] In Japanese Patent Application Laid-Open No. 05-100312, use is made of a projection optical system in which 
a light valve and a screen are shifted relative to an optical axis, and in this case, as shown in Fig. 1 1 of the accompanying 
drawings, the magnitude of the angle of field of the projection optical system used is 92. However, a lens system of a 
55 high angle of field having a considerably great angle of field (61) is required as the projection optical system used. 
Also, in an ordinary lens system, the quantity of light decreases as the angle of field becomes greater from the optical 
axis La. Therefore, if a lens system of a higher angle of field is used : a difference will come out in brightness particularly 
in the vertical direction of a screen S. Also, when design is made such that the optical axis La goes toward the center 
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of the screen S (Fig. 12 of the accompanying drawings), an image is not formed on the screen S but is formed on a 
plane S' perpendicular to the optical axis La in the ordinary lens system. When such design is made, as is well known, 
the projected image is distorted into a trapezoid and the focus deviates in the vertical direction of the screen S. When 
the inclination of this image plane is to be corrected, the difference between the optical path L1 of a ray passing through 

5 the upper portion of the screen S and the optical path L2 of a ray passing through the lower portion of the screen S 
must be negated. When this difference is to be corrected, if it can be corrected near the imaging plane, the difference 
between the optical path L1 and the optical path L2 will be reduced and therefore the amount of correction may be 
small. On the other hand, when the difference is to be corrected on the optical surface of the screen side on which the 
projected image is enlarged, the difference between the optical path L1 and the optical path L2 directly affects. 

10 [0009] Also, in an apparatus disclosed in Japanese Patent Application Laid-Open No. 05-08041 8, a lens system is 
only tilted and therefore it is difficult to incline the image plane sufficiently. 

[0010] Also, if the amount of tilt is too great, it will become difficult to secure optical performance. 
[0011] In a projection optical system in a reflection type displaying apparatus disclosed in republished Patent No. 
WO 97/01787, a coaxial system is comprised of a concave mirror and one or two convex mirrors, and an image is 
15 projected from an oblique direction by the use of some of the reflecting surfaces of the concave mirror and the convex 
mirrors. Because of the coaxial system, aberration correction is difficult and it is difficult to make the reflecting optical 
system bright (to make F number small). 

[0012] Also, the projection optical system uses a construction in which a stop is disposed between the reflecting 
members. A beam passed through the stop is incident on the convex mirror, and a divergent beam from this convex 
20 mirror is incident on the next convex mirror. Therefore, the effective diameter of the second convex mirror has tended 
to increase. Also : at this time, the two convex mirrors form the virtual image of the stop. 

SUMMARY OF THE INVENTION 

25 [0013] It is an object of the present invention to provide a projection optical system and a projection type displaying 
apparatus using the same. 

[0014] Embodiments of the present invention provide a bright projection optical system and a projection type dis- 
playing apparatus using the same. 

[0015] In one aspect, the projection optical system of the present invention is a projection optical system for guiding 
30 a beam from an image display panel onto a screen surface inclined relative to a reference axis (an optical path linking 
the center of the image display panel and the center of the range of projection on the screen together), and forming 
image information on the screen surface, comprising: : 

a reflecting optical system having a plurality of rotation -asymmetrical reflecting surfaces having curvatures; and 
35 a stop between the plurality of rotation- asymmetrical reflecting surfaces of the reflecting optical system or between 

the reflecting optical system and the image display panel; 

the stop being imaged at a negative magnification by an optical member disposed more adjacent to the screen 
than the position of the stop. 

40 [001 6] Preferably, the refractive power of the reflecting surface having a curvature on which the light passed through 
the stop is incident at first is positive. 

[0017] The above-described projection optical system may be used when the image display panel and the screen 
are disposed in a non-parallel state. 

[0018] Preferably, the reflecting optical system condenses the beam from the image display panel and forms an 
45 intermediate image. 

[0019] At least one of the plurality of rotation-asymmetrical reflecting surfaces may comprise a surface reflecting 
mirror. 

[0020] At least one of the plurality of rotation -asymmetrical reflecting surfaces may comprise a back reflecting mirror 
[0021] Preferably, the reflecting optical system includes at least one optical block designed such that two refracting 
50 surfaces and the plurality of rotation-asymmetrical reflecting surfaces having curvatures are formed on the surface of 
a transparent member, and the beam from the image display panel enters the interior of the transparent member from 
one of the refracting surfaces, is reflected by the plurality of rotation- asymmetrical reflecting surfaces and emerges 
from the other refracting surface. 

[0022] At least two of the plurality of rotation-asymmetrical reflecting surfaces may be integrally made by molding. 
55 [0023] Preferably, when the principal point position at an azimuth \ degrees on the image display panel side when 
the refracting optical system is evolved about the center line linking the center of the image display panel and the 
center of the image information on the screen surface together is defined as H(£), and an azimuth representing a plane 
containing the center line and a normal to the screen surface is defined as a, the condition that 
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l(H(a+90°)-H(a))/H(a)l<0.2 

is satisfied. 

5 [0024] In preferred embodiments when the angle formed by the center line linking the center of the image display 
panel and the center of the image formation on the screen surface together and a normal to the screen is defined as 
0, and the focal length at an azimuth % degrees when the reflecting optical system is evolved about the center line is 
defined as f(£), and the azimuth representing a plane containing the center line and the normal to the screen is defined 
as a, the condition that 

10 

I1-cos8-f(a)/f(a+90°)l<0.2 

is satisfied. 

15 [0025] The reflecting optical system may have three or more rotation -asymmetrical aspherical reflecting surfaces. 
[0026] Preferably, the reflecting optical system has six rotation -asymmetrical aspherical reflecting surfaces, and the 
six reflecting surfaces have positive, negative, negative, positive, negative and positive refractive power in succession 
from the screen side or positive, negative, positive, negative, positive and positive refractive power in succession from 
the screen side. 

20 [0027] The projection type displaying apparatus of one aspe of the invention is provided with the above-described 
projection optical system, and guides a beam based on the image display panel onto a screen surface, and forms 
image information on the screen surface. 

[0028] The projection type displaying apparatus of another aspect of the invention is provided with the above-de- 
scribed projection optical system, and guides a beam based on the image display panel to a transmission type screen 
25 through the intermediary of one or more plane mirrors, and forms image information on the screen surface. 

[0029] A second aspect of the present inveation provides a projection optical system for projecting light from a display 
panel, comprising: 

a stop; and 
30 a plurality of reflecting surfaces; 

the refractive power of one of the plurality of reflecting surfaces on which the tight passed through the stop is 
incident at first and which has refractive power being positive. 

[0030] The reflecting surface on which the light passed through the stop is incident at first and which has a curvature 
35 may be a concave reflecting surface or a refracting surface. 

[0031 ] The reflecting surface on which the light passed through the stop is incident at first and which has a curvature 
may be an aspherical surface having refractive power. 

[0032] The above-described projection optical system preferably includes a plurality of aspherical reflecting surfaces 
having refractive power. 

40 [0033] In preferred embodiments, the reflecting surface on which the light passed through the stop is incident at first 
and which has a curvature is a rotation-asymmetrical aspherical surface. 

[0034] In the above-described projection optical system, the plurality of reflecting surfaces may include a plurality of 
reflecting surfaces having a plurality of rotation-asymmetrical aspherical surfaces and having refractive power. 
[0035] Preferably the projection optical system is used when the image display panel and the screen are disposed 
45 in a non-parallel state. 

[0036] in preferred embodiments of the projection optical system, the reflecting optical system condenses the beam 
from the image display panel and forms an intermediate image. 

[0037] At least one of the plurality of rotation-asymmetrical reflecting surfaces may comprise a surface reflecting 
mirror. 

so [0038] At least one of the plurality of rotation-asymmetrical reflecting surfaces may comprise a back reflecting surface. 
[0039] Preferably, the reflecting optical system includes at least one optical block designed such that two refracting 
surfaces and the plurality of rotation-asymmetrical reflecting surfaces having curvatures are formed on the surface of 
a transparent member, and the beam from the image display panel enters .the interior of the transparent member from 
one of the refracting surfaces, is reflected by the plurality of rotation-asymmetrical reflecting surfaces and emerges 

55 from the other refracting surface. 

[0040] At least two of the plurality of rotation -asymmetrical reflecting surfaces may be integrally made by molding. 
[0041] Preferably, when the principal point position at an azimuth % degrees on the image display panel side when 
the reflecting optical system is evolved about the center line linking the center of the image display panel and the center 



4 



EP1 139 145 A2 



of the image information on the screen surface together is defined as H(£), and an azimuth representing a plane 
containing the center line and a normal to the screen surface is defined as a, the condition that 



l(H(a+90°)-H(a))/H(a)l <0.2 

is satisfied. 

[0042] In preferred embodiments, when the angle formed by the center line linking the center of the image display 
panel and the center of the image information on the screen surface together and a normal to the screen is defined as 
10 e, and the focal length at an azimuth £ degrees when the reflecting optical system is evolved about the center line is 
defined at f(£), and an azimuth representing a plane containing the center line and the normal to the screen is defined 
as a, the condition that 



15 



1 1 -cosG -f ( ct)/f (a+90 ° )l<0 .2 



is satisfied. 

[0043] The reflecting optical system may have three or more rotation-asymmetrical aspherical reflecting surfaces. 
[0044] Preferably, the reflecting optical system has six rotation-asymmetrical aspherical reflecting surfaces, and the 
20 six reflecting surfaces have positive, negative, negative, positive, negative and positive refractive power in succession 
from the screen side or positive, negative, positive, negative, positive and positive refractive power in succession from 
the screen side. 

[0045] The projection type displaying apparatus of one aspect of the invention is provided with the above-described 
projection optical system, and guides a beam based on the image display panel onto a screen surface, and forms 

25 image information on the screen surface. 

[0046] The projection type displaying apparatus of another aspect of the invention is provided with the above-de- 
scribed projection optical system, and guides a beam based on the image display panel to a transmission type screen 
through the intermediary of one or more plane mirrors, and forms image information on the screen surface. 
[0047] A third aspect of the present invention provides a projection optical system for guiding a beam from an image 

30 display panel onto a screen surface inclined relative to a reference axis, and forming image information on the screen 
surface, comprising: 

a reflecting optical system having a plurality of rotation -asymmetrical reflecting surfaces having curvatures; 
wherein the beam from the image display panel is condensed by an optical element including the reflecting optical 
35 system to thereby form an intermediate image. 

[0048] Preferably the projection optical system is used when the image display panel and the screen are disposed 
in a non-parallel state. 

[0049] At least one of the plurality of rotation-asymmetrical reflecting surfaces may comprise a surface reflecting 
40 mirror. 

[0050] At least one of the plurality of rotation-asymmetrical reflecting surfaces may comprise a back reflecting mirror. 
[0051] Preferably, the reflecting optical system includes at least one optical block designed such that two refracting 
surfaces and the plurality of rotation-asymmetrical reflecting surfaces having curvatures are formed on the surface of 
a transparent member, and the beam from the image display panel enters the interior of the transparent member from 
45 one of the refracting surfaces, is reflected by the plurality of rotation-asymmetrical reflecting surfaces and emerges 
from the other refracting surface. 

[0052] At least two of the plurality of rotation-asymmetrical reflecting surfaces may be integrally made by molding. 
[0053] Preferably, when the principal point position at an azimuth ^ degrees on the image display panel side when 
the reflecting optical system is evolved about the center line linking the center of the image display panel and the center 
50 of the image information on the screen surface together is defined as H(£), and an azimuth representing a plane 
containing the center line and a normal to the screen surface is defined as a, the condition that 



l(H(a+90°)-H(a))/H(a)l<0.2 

55 

is satisfied. 

[0054] In preferred embodiments, when the angle formed by the center line linking the center of the image display 
panel and the center of the image information on the screen surface together and a normal to the screen is defined as 
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6, and the focal length at an azimuth £ degrees when the reflecting optical system is evolved about the center line is 
defined as f(£), and an azimuth representing a plane containing the center line and the normal to the screen is defined 
as a f the condition that 

I1-cose-f(a)/f(a+90°)l<0.2 

is satisfied. 

[0055] The reflecting optical system may have three or more rotation-asymmetrical aspherical reflecting surfaces. 
10 [0056] Preferably, the reflecting optical system has six rotation-asymmetrical aspherical reflecting surfaces, and the 
six reflecting surfaces have positive, negative, negative, positive, negative and positive refractive power in succession 
from the screen side or positive, negative, positive, negative, positive and positive refractive power in succession from 
the screen side. 

[0057] The projection type displaying apparatus of one aspect of the invention is provided with the above-described 
15 projection optical system, and guides a beam based on the image display panel onto a screen surface and forms image 
information on the screen surface. 

[0058] The projection type displaying apparatus of another aspect of the invention is provided with the above-de- 
scribed projection optical system, and guides a beam based on the image display panel to a transmission type screen 
through the intermediary of one or more plane mirrors, and forms image information on the screen surface. 
20 [0059] A fourth aspect of the present invention provides a projection optical system for guiding a beam from an image 
display panel onto a screen surface inclined relative to a reference axis (an optical path linking the center of the image 
display panel and the center of the range of projection on the screen together), and forming image information on the 
screen surface, provided with: 

25 a reflecting optical system having a plurality of rotation-asymmetrical reflecting surfaces having curvatures; 

the number of the rotation-asymmetrical reflecting surfaces being three or more. 

[0060] Preferably, the projection optical system is used when the image display panel and the screen are disposed 
in a non-parallel state. 

30 [O061 ] In preferred embodiments of the projection optical system, the reflecting optical system condenses the beam 
from the image display panel and forms an intermediate image. 

[0062] At least one of the plurality of rotation -asymmetrical reflecting surfaces may comprise a surface reflecting 
mirror. 

[0063] At least one of the plurality of rotation -asymmetrical reflecting surfaces may comprise a back reflecting mirror. 

35 [0064] Preferably, the reflecting optical system includes at least one optical block designed such that two refracting 
surfaces and the plurality of rotation-asymmetrical reflecting surfaces having curvatures are formed on the surface of 
a transparent member, and the beam from the image display panel enters the interior of the transparent member from 
one of the refracting surfaces, is reflected by the plurality of rotation -asymmetrical reflecting surfaces and emerges 
from the other refracting surface. 

40 [0065] At least two of the plurality of rotation-asymmetrical reflecting surfaces may be integrally made by molding. 
[0066] Preferably, when the principal point position at an azimuth % degrees on the image display panel side when 
the reflecting optical system is evolved about the center line linking the center of the image display panel and the center 
of the image information on the screen surface together is defined as H(£), and an azimuth representing a plane 
containing the center line and a normal to the screen surface is defined as a, the condition that 

45 

l(H(a+90°)-H(a))/H(a)l<0.2 

is satisfied. 

so [0067] In preferred embodiments of the projection optical system, when the angle formed by the center line linking 
the center of the image display panel and the center of the image information on the screen surface together and a 
normal to the screen is defined as G, and the focal length at an azimuth £ degrees when the reflecting optical system 
is evolved about the center line is defined as f(£), and an azimuth representing a plane containing the center line and 
the normal to the screen is defined as a, the condition that 

55 

I1-cose-f(a)/f(a+90°)l0.2 
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is satisfied. 

[0068] The reflecting optical system may have three or more rotation-asymmetrical aspherical reflecting surfaces. 
[0069] Preferably, the reflecting optical system has six rotation -asymmetrical aspherical reflecting surfaces, and the 
six reflecting surfaces have positive, negative, negative, positive, negative and positive refractive power in succession 
5 from the screen side or positive, negative, positive, negative, positive and positive refractive power in succession from 
the screen side. 

[0070] The projection type displaying apparatus of one aspect of the invention is provided with the above-described 
projection optical system, and guides a beam based on the image display panel onto a screen surface, and forms 
image information on the screen surface. 
10 [0071] The projection type displaying apparatus of another aspect of the invention is provided with the above-de- 
scribed projection optical system, and guides a beam based on the image display panel to a transmission type screen 
through the intermediary of one or more plane mirrors, and forms image information on the screen surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0072] Fig. 1 shows the construction of a projection type displaying apparatus using a projection optical system 
according to Embodiment 1 of the present invention. 

[0073] Fig. 2 shows the constructions of the reflecting optical system 1 , the illumination system L and the light valve 
LV of Ihe projection optical system of Fig. 1 . 
20 [0074] Fig. 3 is an illustration showing the distortion of the projection optical system according to Embodiment 1 of . 
the present invention. 

[0075] Fig. 4 is an illustration showing the evaluation position on a screen according to the present invention. 
[0076] Fig. 5 is an illustration showing the defocus characteristic of the projection optical system according to Em- 
bodiment 1 of the present invention. 
25 [0077] Fig. 6 shows the construction of a projection type displaying apparatus using a projection optical system 
according to Embodiment 2 of the present invention. 

[0078] Fig. 7 shows the constructions of the reflecting optical system 2 and the illumination system of the projection 
optical system according to Embodiment 2 of the present invention. 

[0079] Fig. 8 is an illustration showing the distortion of the projection optical system according to Embodiment 2 of 
30 the present invention. 

[0080] Fig. 9 is an illustration showing the defocus characteristic of the projection optica! system according to Em- 
bodiment 2 of the present invention. 

[0081] Fig. 10 is an illustration showing a projection type displaying apparatus according to Embodiment 3 of the 

present invention. ; 
35 [0082] Fig. 11 is a conceptional view of a shift optical system according to the prior art. 

[0083] Fig. 12 is a conceptional view of an optical system according to the prior art which has obliquely projected. 

[0084] Fig. 13 is an illustration showing the relation of magnification when oblique projection is effected. 

[0085] Fig. 14 is an illustration showing the relation of magnification when oblique projection is effected. 

[0086] Fig. 15 is an illustration showing an oblique projection optical system according to the prior art. 
40 [0087] Fig. 16 is an illustration showing an oblique projection optical system according to the prior art. 

[0088] Fig. 17 is an illustration of the coordinate system of a reflecting optical system in the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



45 [0089] Before starting the description of embodiments, description will be made of the manner of representing the 
constituent numerical data of the embodiments and items common to all embodiments. 

[0090] Fig. 17 is an illustration of a coordinate system defining the construction data of the optical system of the 
present invention. In the embodiments of the present invention, the i-th surface along a ray travelling from the object 
side to the image plane (indicated by dot-and-dash line in Fig. 17 and called the reference axis ray) is defined as the 
so i-th surface. 

[0091] In Fig. 17, the first surface R1 is a refracting surface, the second surface R2 is a reflecting surface tilted 
relative to the first surface R1 , the third surface R3 and the fourth surface R4 are reflecting surfaces shifted and tilted 
relative to their respective preceding surfaces, and the fifth surface R5 is a refracting surface shifted and tilted relative 
to the fourth surface R4. The first surface Rl to the fifth surface R5 are constructed on an optical element formed of a 
55 medium such as glass or plastic, and in Fig. 17, the optical element is shown as a first optical element B1 . 

[0092] Accordingly, in the construction of Fig. 1 7, the medium from the object surface, not shown, to the first surface 
R1 is air, the medium from the first surface R1 to the fifth surface R5 is a certain common medium, and the medium 
from the fifth surface R5 to the sixth surface R6, not shown, is air. 
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[0093] The optical system of embodiments of the invention is an off-axial optical system and therefore, the surfaces 
constituting the optical system do not have a common optical axis. So, in the embodiments of the present invention, 
an absolute coordinate system having the center of the first surface as the origin is first set. 

[0094] In the embodiments of the present invention, the central point of the first surface is defined as the origin and 
5 also, the route of a ray passing through the origin and the center of the final imaging plane (reference axis ray) is 
defined as the reference axis of the optical system. Further, the reference axis in the present embodiment has a di- 
rection. The direction is a direction in which the reference axis ray travels when it is imaged. 

[0095] While in the embodiments of the present invention, the reference axis which is the reference of the optical 
system is set as described above, an axis convenient in optical design, in settling aberrations or in expressing the 
10 shapes of the surfaces constituting the optical system can be adopted as the axis which is the reference of the optical 
system. Generally, however, the route of a ray passing through the center of the image plane and a stop, an entrance 
pupil an exit pupil, the center of the first surface of the optical system or the center of the last surface of the optical 
system is set as the reference axis which is the reference of the optical system, 

[0096] That is, in the embodiments of the present invention, the route along which the ray passing through the central 
15 point of the first surface to the center of the final imaging plane (the reference axis ray) is refracted and reflected by 
the refracting surfaces and the reflecting surfaces is set as the reference axis. The order of the surfaces is set to the 
order in which the reference axis ray is subjected to refraction and reflection. 

[0097] Accordingly, the reference axis finally arrives at the center of the image plane while changing its direction in 
accordance with the law of refraction or reflection along the set order of the surfaces. 
20 [0098] The tilted surface constituting the optical system according to each embodiment of the present invention are 
basically all tilted in the same plane. So, the axes of the absolute coordinate system are defined as follows: 

Z-axis: a straight line passing through the origin and the center of the object surface, and the direction from the 
object surface toward the first surface R1 is defined as positive. 
25 Y-axis: a straight line passing through the origin and forming counter-clockwiseiy 90° relative to the Z-axis in the 
tilted surface (the plane of the drawing sheet of Fig. 17). 

X-axis: a straight line passing through the origin and perpendicular to the Z-axis and the Y-axis (straight line per- 
pendicular to the plane of the drawing sheet of Fig. 17). 

30 [0099] Also, to representthe surface shape of the i-th surf ace constituting the optical system, it is easierto understand 
in recognizing the shape to set a local coordinate system having as the origin a point at which the reference axis and 
the i-th surface intersect with each other, and represent the surface shape of that surface by the local coordinate system 
than to represent the shape of that surface by the absolute coordinate system and therefore, the surface shape of the 
i-th surface is represented by the local coordinate system. 

35 [0100] Also, the tilt angle of the i-th surface in YZ plane is represented by an angle Gi (unit: °) in which the counter- 
clockwise direction relative to the Z-axis of the absolute coordinate system is positive. Consequently, in the embodi- 
ments of the present invention, the origin of the local coordinates of each surface is on YZ plane in Fig. 17. Also, the 
eccentricity of the surfaces in XZ and XY planes is null. Further, the y-axis and the z-axis of the local coordinates (x, 
y, z) of the i-th surface are inclined by an angle Gi in YZ plane relative to the absolute coordinate system (X, Y, Z) : and 

^0 specifically are set as follows: 

z-axis: a straight line passing through the origin of the local coordinates, and forming an angle 8i in the counter- 
clockwise direction in YZ plane relative to the Z direction of the absolute coordinate system, 
y-axis: a straight line passing through the origin of the local coordinates, and forming an angle of 90° in the counter- 
's clockwise direction in YZ plane relative to z direction. 

x-axis: a straight line passing through the origin of the local coordinates and perpendicular to YZ plane. 

[0101] Also, Di represents a scalar amount representative of the spacing between the origins of the local coordinates 
of the i-th surface and the (i+1 )th surface, and Ndi and vdi representthe refractive index and Abbe number, respectively, 
50 of the medium between the i-th surface and the (i+1 )th surface. 

[0102] Here : a spherical surface is a shape represented by the following expression: 



55 
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[0103] Preferably, the optical system of the present invention has at least one rotation-asymmetrical aspherical sur- 
face, the shape of which is represented by the following expression: 

5 Z-C02y 2 +C20x 2 +C03y 3 +C21x 2 y+C04y 4 +C22x 2 y 2 +C40x 4 4-C05y 5 + 

C23x 2 y 3 -t-C41x 4 y+C06y 6 +C24x 2 y 4 +C42x 4 y 2 +C60x 6 

[0104] The above curved surface expression has only the terms of even number orders with respect to x and there- 
to fore, the curved surface prescribed by the above curved surface expression is of a plane-symmetrical shape having 
yz plane as a symmetrical plane. Further, when the following condition is satisfied, it represents a shape symmetrical 
with respect to xz plane. 

15 C03 = C21 = t = 0 

[0105] Further, when 

C02=C20 C04=C40=C22/2 C06=C60=C24/3=C42/3 

20 

is satisfied, it represents a rotation-symmetrical shape. When the above-mentioned conditions are not satisfied, it 
represents a rotation -asymmetrical shape. 

[0106] Each embodiment of the present invention will now be described. 
25 [0107] Fig. 1 is a schematic view of the essential portions of Embodiment 1 of a projection type displaying apparatus 
using the projection optical system of the present invention. 

[0108] In Fig. 1, LV designates a light valve (image display panel) using reflection type dot matrix liquid crystal, a 
digital micromirror device or the like. L denotes an illumination system for illuminating the light valve LV with light. The 
illumination system L comprises a lamp, a condenser lens, a filterfor selecting a wavelength, etc. The reference numeral 
30 1 designates a projection optical system utilizing an off-axial system for directing light light-modulated by the light valve 
LV to a screen S, and forming an image on the surface of the screen S. Fig. 2 is an enlarged view of the projection 
optical system 1 , the light valve LV and the illumination system L of Fig. 1 . 

[0109] The projection optical system of Fig. 2 is shown as comprising a reflecting optical system having a plurality 
of rotation-asymmetrical reflecting surfaces having curvatures and in which a beam from the image display panel 

35 repeats reflection by the plurality of rotation-asymmetrical reflecting surfaces and is projected onto the screen and 
forms a real image on the surface thereof, but the projection optical system may be designed so as to have a lens 
system besides the reflecting optical system shown in Fig. 2, or other reflecting optical system. 
[0110] In Figs. 1 and 2, the reflecting optical system 1 includes a stop SS and six reflecting surfaces, i.e., a concave 
mirror R1 , a convex mirror R2, a concave mirror R3, a convex reflecting surface R4, a convex mirror R5 and a concave 

40 mirror R6, in the order of passage of the ray from the light valve LV. All reflecting surfaces are surfaces symmetrical 
with respect only to YZ plane. An image based on the light valve LV is intermediately formed between the convex mirror 
R5 and the concave mirror R6, and the stop SS is imaged at a position SSa near the concave mirror R6. That is, the 
pupil is imaged near the concave mirror R6. This position SSa becomes the pupil of the screen S side. The stop SS 
is once imaged as a real image by the optical system of the screen S side, and the imaging magnification at this time 

45 is a negative magnification. Thus, the present embodiment adopts a construction in which the image of the stop SS is 
formed at a negative magnification by the optical system (reflecting surfaces R1 to R5) more adjacent to the screen S 
than the position of the stop, thereby making the effective diameter of the ray on each surface small, and achieving 
the compactness of each optical element such as the reflecting surface and the entire optical system. 
[0111] In the present embodiment, the size of the light valve LV is 10.8 x 19.2 mm, and the size of the screen S is 

50 60 inches of a length to width ratio 9:1 6 (747 x 1 328 mm). A normal Sa to the screen S is inclined by 42° relative to 
a reference axis A. The construction data of the reflecting optical system used in the present embodiment are shown 
below. In the construction data, the surfaces from the stop S surface to the image plane (the screen surface) are given 
numbers in succession. 

55 
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Stop diameter 


9.00 










j 


Yi 


Zi 


6 i 


Di 


Ndl 


v di 


1 


0.00 


0.00 


0.00 


32.26 


! 


Stop 


2 


0.00 


32.26 


17.67 


45.33 




Refiecting surface 


3 


-26.22 


-4.71 


8.29 


46.47 




Reflecting surface 


4 


-41.18 


39.28 


17.39 


45.51 




Reflecting surface 


5 


-7779 


12.25 


14.50 


59.90 




Reflecting surface 


6 


-102.68 


66.73 


-2.06 


102.23 




Reflecting surface 


7 


-138.37 


-29.06 


-4.71 


980.17 




Reflecting surface 


8 


-635.29 


836.51 


12.14 






Image plane 



20 



30 



40 



50 
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Aspherical shape 


R1 surface 


C02=-4.49687e-03 
C03=5.69210e-06 


C20=-4.86771 e-03 
C21=1 .24178e-05 








C04=-1 .51 960e-07 


C22=-2.54883e-07 


L/4U=- 


1 .4^0 / ^e-u/ 




C05=-2.46793e-10 


C23=-4.09563e-09 


C41=- 


1 .82622e-09 




C06=-6.21629e-11 


C24=-1 .54069e-1 0 


C42=- 


2.02039e-1 0 




C60=-7.59135e-12 








R2 surface 


C02=-3 .53809e-03 
C03= 4. 1 701 3e-05 


C20=-3.25444e-03 
C21= 1.32567e-04 








C04=-9.98623e-07 


0,22.-- \ .51987e-06 


G40=- 


A AC~7 A A f\~? 




C05= 1 .30709e-08 


C23=-9.55779e-09 


C41=- 


1 .73083e-08 




C06=-5.65529e-10 


C24=-6.97342e-1 1 


C42=- 


-4.305 73e- 1 0 




C60=-2.13646e-11 








R3 surface 


C02=-1 .30032e-03 
C03= 4.43561 e-06 


C20=-2.56607e-04 
C21= i.32174e-04 








C04=-2.62553e-08 


C22= 1 .00960e-06 


C40= 


7.681 76e-07 




C05= 1.74031 e-09 


C23= 8.37695e-09 


C41 = 


1.20650e-08 




C06=-1.36927e-11 


C24= 1.74384e-10 


C42= 


2.9651 9e-10 




C60=6.13742e-11 








R4 surface 


C02=-1. 66701 e-03 
C03= 2.01207e-05 


C20=-3.65447e-03 
C21= 2.0291 0e-04 








C04=4.13482e-07 


C22=-1.01346e-06 


C40= 


5.37830e-07 




C05= 1.69426e-10 


C23= 2.13758e-08 


C41 = 


2.22534e-09 




C06=-1.10132e-10 


C24=-4.19386e-10 


C42= 


-3.646 16e-10 




C60=-2.17667e-10 








R5 surface 


C02=-3.70314e-04 
C03= 1.34521 e-06 


C20=-2.44681e-03 
C21=3.26044e-05 








C04= 3.10235e-07 


C22= 1 .40380e-08 


C40= 


-7.661 55e-08 




C05= 1.21219e-09 


C23= 1 .33276e-08 


C41= 


2.02925e-09 




C06=-7.87877e-11 


C24= 1.31044e-10 


C42= 


5.22698e-11 




C60=-1.13702e-11 








R6 surface 


C02= 3.77979e-03 
C03=-1.57953e-05 


C20= 5.98505e-03 
C21=-3.81115e-05 








C04= 9.47079e-08 


C22= 1.91802e-07 


C40= 


-2.34207e-07 




C05=5.93045e-10 


C23= 1 .52327e-09 


C41= 


4.881 38e-09 




C06=- 1.73838e-11 


C24=-7.00697e-12 


C42= 


-5.86393e-11 




C60= 1.15306e-11 
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[01 1 2] The optical action in the optical system of the present embodiment will now be described. Light emitted from 
the light source LP of the illumination system L passes through a condenser lens, a color filter, etc., not shown, and 
illuminates the light valve LV ; and the light light-modulated by the light valve LV is condensed by the reflecting optical 
system 1 and is directed to the screen, on which an image based on the light valve LV is displayed. 

5 [0113] Fig. 4 shows an evaluating position for evaluating the defocus characteristics and the quantity of marginal 
light on the screen S. The state of the distortion of the projection optical system 1 of the present embodiment is shown 
in Fig. 3, and the defocus characteristics at the image positions (1) to (6) on the screen S are shown in Fig. 5. As can 
be seen from Fig. 3, the projection optical system 1 of the present embodiment is free of great distortion, and has little 
asymmetrical distortion. The individual graphs of Fig. 5 representing the defocus characteristics show MTF of the 

10 frequency 1 line/mm within a range of -25 cm to 25 cm from the screen on the reference axis, and the solid line 
represents the contrast value in y direction in the local coordinates on the screen, and the broken line represents the 
contrast value in x direction in the local coordinates on the screen. From this figure, it can be seen that at each image 
position, MTF has a peak on the screen, that is, is focused on the screen. Also, at each image position, the contrast 
value secures approximately 50%. 

15 [0114] Also, the ratios of quantity of light at positions (5), (7), (4), (8) and (9) on the diagonal in the screen shown in 
Fig. 4 are as follows (it is to be understood that the quantity of light at the position (4) is 100). 
[0115] (5)=94.8, (7)=95.3, (4)=100, (8)=94.2, (9)=91.8 

[0116] Thus, little or no difference is seen in the distribution of quantity of light. 

[0117] In the reflecting optical system used in the present embodiment, the focal lengths f 1 (0) and f 1 (90) at azimuths 
20 o degree and 90 degrees evolved about the reference axis and the principal point positions H1 (0) and H1 (90) on the 
light valve LV side are calculated as follows. However, the azimuth 0 degree is an azimuth including image positions 
(2), (4) and (6) in Fig. 4, and the azimuth 90 degrees is an azimuth including image positions (3) and (4) in Fig. 4. Also, 
the principal point positions have the concave mirror R1 as the reference, and the direction in which the light travels 
is defined as positive. 

25 

f1(0)=-1 7.83, f1(90)=-1 3.7, H1(0)=-1 32.72, H1 (90)=-1 28.764 
[0118] Hence, the values by the aforementioned expressions (1) and (2) are: 

30 

l(H(90)-H(0))/H(0)l=0.03<0.2 (1) 



35 I1-cos(42°)f(0)/f(90)l=0.03<0.2 (2) 

(where 42° is the angle formed by the norma! Sa to the screen S and the reference axis A.) 

[01 19] In the present embodiment, the light valve LV is not shifted or tilted relative to the reference axis A and there- 
fore, it is desirable that azimuth dependency be small when the reflecting optical system 1 is viewed from the light 

40 valve LV, that is, the principal point position have small azimuth dependency. In the present embodiment, as can be 
seen from the value of expression (1) : it can be said that the azimuth dependency of the principal point position is 
small. If the value of expression (1 ) is great, asymmetrical aberration will occur in a great deal, and this is not preferable 
from the viewpoint of aberration correction, and if the value of expression (1) becomes 0.2 or greater, aberration cor- 
rection will become difficult. Fig. 13 shows the screen portion in the state of Fig. 12. In Fig. 13, the letter A designates 

45 the reference axis, the letter S denotes the inclined screen, the letter S* designates a plane perpendicular to the ref- 
erence axis A, and the screen S and the plane S' are inclined by an angle 6. Originally, the image plane of the light 
valve LV enlarged and projected by the reflecting optical system 1 is imaged on the plane S\ As is disclosed in Japanese 
Patent Application Laid-Open No. 09-5650, when an evaluation plane is evolved about the reference axis A and is 
evaluated by the plane S' perpendicular to the reference axis : the paraxial amount exhibits the same value for an 

50 azimuth £ and an azimuth £+180°. Therefore, the paraxial amount represented in Japanese Patent Application Laid- 
Open No. 09-5650 does not cause the inclination of the image plane. That is, it can be construed that an aberration 
of the same kind as curvature of image field, and more particularly, an aberration in which the focus position deviates 
as it goes away from the line of intersection between the screen S and the plane S* occurs and therefore the image 
plane becomes inclined. When it is construed so, a magnification py' in y direction on the plane S' which is the evaluation 

55 plane can be regarded as a magnification py on the screen S having been projected and therefore, in order that the 
length to width ratio may be kept on the screen S, the following relation need be satisfied: 
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[0120] Hence, 



py = py'/cose = px (see Fig. 14) 



BV/Bx - cose - ('W-ssWflO) _f(90) 
pyvpx- cost) - (f(90 )- SS '(90))/f(90r «0) 



jo 



15 



20 



25 



30 



35 



40 



45 



50 



[01 21] Here : SS'(O) and SS'(90) are the distances from the principal point position of the reflecting optical system 
on the screen S side to the screen S at azimuths 0° and 90°, respectively. In the above expression, SS'(0) and SS 1 
(90) are approximated as SS'(0) = SS'(90), SS'(O) » f(0) and SS\90) » f(90) because in the present embodiment, SS' 
(0) = 1 034 and SS*(90) = 991 . That is, it is the condition under which the length to width ratio is kept that the value of 
expression (2) is small. If the value of expression (2) becomes greater than 0.2, distortion will become great and 
aberration correction will become difficult. Also, when the stop is placed on the pupil SSa of the screen side, brightness 
will differ between the upper portion and the lower portion of the screen because the length of an optical path passing 
through the upper portion of the screen and the length of an optical path passing through the lower portion of the screen 
differ from each other, and this is not preferable. 

[0122] In the present embodiment, design is made such that at least one of the aforementioned expressions (1 ) and 
(2) is satisfied. 

[0123] While in the present embodiment, the stop is provided between the display panel (light valve) LV and the 
reflecting optical system 1 , the present invention is not restricted thereto. While in the present embodiment, the rotation- 
asymmetrical reflecting surfaces are used as the surface reflecting surfaces, use may be made of an optical block 
having a rotation-asymmetrical reflecting surface formed on the surface of a transparent member as disclosed in Jap- 
anese Patent Application Laid-Open No. 8-292372, Japanese Patent Application Laid-Open No. 9-222561 , Japanese 
Patent Application Laid-Open No. 9-258105, etc. Further, a plurality of rotation -asymmetrical surf ace reflecting surfaces 
may be integrally molded. While in the present embodiment, six rotation-asymmetrical reflecting surfaces are used, 
the number of the reflecting surfaces is not limited to six, but may be arbitrary. However, from the viewpoint of aberration 
correction, it is desirable that the number of the reflecting surfaces be at least three. Also, while the rotation -asymmet- 
rical reflecting surfaces are of a shape symmetrical with respect to a plane, this is not restrictive. 
[0124] Fig. 6 is a schematic view of the essential portions of Embodiment 2 of the projection type displaying apparatus 
of the present invention. In Fig. 6, LL designates an illumination system for illuminating light valves LV1 with light. The 
reference numeral 2 denotes a reflecting optical system utilizing an off-axial system for projecting the light light-mod- 
ulated by the light valves LV1 onto a screen S. Fig. 7 is a detailed view of the reflecting optical system 2 and the 
illumination system LL of Fig. 6. In Figs. 6 and 7, the light valves LV1 comprise transmission type dot matrix liquid 
crystal or the like, M(M1 to M5) designates plane mirrors or dichroic mirrors, L2 denotes a light source, and P designates 
a dichroic prism. SS denotes a stop. 

[0125] In Figs. 6 and 7, the reflecting optical system 2 is comprised of six reflecting surfaces, i.e., a concave mirror 
R1 , a convex mirror R2, the stop SS, a concave mirror R3, a convex reflecting surface R4, a convex mirror R5 and a 
concave mirror R6, in the order of passage of a ray from the dichroic prism P. All reflecting surfaces are surfaces 
symmetrical with respect only to YZ plane. An image based on the light valves LV1 is intermediately formed between 
the convex mirror R5 and the concave mirror R6, and the stop SS is imaged near the concave mirror R6. That is, a 
pupil is imaged near the concave mirror R6. By thus adopting a construction in which the image of the stop SS is formed 
at a negative magnification by the optical system (R3 to R6) more adjacent to the screen than the stop position, the 
effective diameter of the ray on each surface is made small and the compactness of each optical element and the 
entire optical system is achieved. 

[0126] Also, the concave mirror R1 , the concave mirror R3, the convex mirror R5, the convex mirror R2 and the 
convex reflecting surface R4 are integrally formed by molding or the like. 

[0127] In the present embodiment, the size of each light valve LV1 is 12.82 x 22.8 mm, and the size of the screen 
S is 60 inches (747 X 1328 mm) of the length to width ratio 9:16. Also, a normal Sato the screen S is inclined by 42° 
relative to the reference axis A. The construction data of the reflecting optical system used in the present embodiment 
will be shown below. 
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Stop Elliptical shape Major axis 10mm, Minor Axis 8mm Object side NAO. 14 




Yi 


Zi 


6 i 


Di 


Ndi 


v di 


1 

^ 2 


0.00 
0.00 


0.00 
40.00 


0.00 
0.00 


40.00 
94.44 


1.51633 
1 


0.00 Refracting surface 
Refracting surface 



12 



EP 1 139 145 A2 



10 



(continued) 



Stop Elliptical shape Major axis 10mm, Minor Axis 8mm Object side NAO. 14 



i 


Yi 


Zi 


8 i 


Di 


Ndi 


v di 


3 


0.00 


134.44 


24.10 


62.00 




Reflecting surface 


4 


-46.22 


93.12 


3.20 


20.00 




Reflecting surface 


5 


-59.55 


108.03 


-41.80 


66.05 




Stop 


6 


-103.58 


157.27 


-5.43 


65.00 




Reflecting surface 


7 


-137.00 


101.52 


-1.54 


60.95 




Reflecting surface 


8 


-1 71.10 


152.04 


-4.02 


112.93 




Reflecting surface 


9 


-220.57 


50.52 


5.48 


969.57 




Reflecting surface 


10 


-466.94 


969.57 


26.99 






Image plane 



75 





Aspherical shape 




R1 surface 


C02=-3.44101e-03 
C03=3.00440e-07 


C20=-4.58807e-03 
C21=2.78030e-06 




20 




C04=-7.01756e-08 


C22=-1. 74221 e-07 


C40=-1.12497e-07 






C05=-1.27294e-10 


C23=8.12098e-11 


C41=3.12082e-10 






C06=-3.83615e-12 


C24=-1.10477e-11 


C42=-1.44544e-11 






c60=-7.14330e-12 






25 


R2 surface 


C02=-1.77378e-03 
C03=5.41708e-06 


C20=-5.41577e-03 
C21=7.40562e-05 








C04=-1.76494e-07 


C22=-8.51854e-07 


C40=-3.39088e-07 






C05=1 .36936e-09 


C23=1 .39948e-08 


C41 = 1.57616e-08 






C06=-1.31153e-11 


C24=-1. 03951 e-10 


C42=-3.22676e-10 






c60= 5.17060e-11 








R3 surface 


C02=-4.06842e-04 
C03=-1.71357e-05 


C20=4.21014e-04 
C21=5.33947e-05 








C04=1 .45062e-07 


C22=-1.23899e-07 


C40=5.80084e-07 


35 




C05=-5.71252e-10 


C23=6.97038e-09 


C41=1.25680e-08 




C06=6.89521e-13 
c60=8.97051e-11 


C24=3.16751e-12 


C42=2.25270e-1 0 




R4 surface 


C02=1 .20784e-03 
C03=-1.40533e-05 


C20=2.06883e-03 
C21 =4.4451 1e-05 




40 




C04=1 .42042e-07 


C22=-1.75304e-09 


C40=1.84753e-07 






C05=9.01218e-10 


C23=1 .46871 e-09 


C41=2.53895e-10 






C06=-4.31366e-12 


C24=-8.79849e-12 


C42=-1.82599e-12 






c60=-4.30585e-12 






45 


R5 surface 


C02=2.70769e-03 


C20=1.00819e-03 






C03=5. 68901 e-06 


C21=3.16537e-05 








C04=4.86535e-07 


C22=-9.16386e-08 


C40=4.00354e-08 






C05=-1.21193e-09 


C23=-6.83278e-10 


C41 = 1.45772e-09 






C06=5.47807e-12 


C24=-1.36131e-10 


C42=-9.34573e-11 


50 




c60=-7.03592e-13 








R6 surface 


C02=3.62336e-03 
C03=-1.38973e-05 


C20=5.17427e-03 
C21=-2.14069e-05 








C04=1 .47678e-07 


C22=1 .65634e-07 


C40=-4.61086e-08 


55 




C05=- 1.0541 7e-09 


C23=-7.54144e-10 


C41=3.87584e-10 




C06=5.56347e-12 
c60= 7.76995e-12 


C24=5.18352e-12 


C42=-1.00483e-12 



JSDCCID: <EP 1 139145A2_I_> 



13 



EP1 139 145 A2 



[01 28] The optical action in the present embodiment will now be described. Light emitted from the light source L2 of 
the illumination system LL passes the plurality of reflecting mirrors M and is divided into three primary colors R(red), 
G(green) and B(blue). The color lights R, G and B pass through the light valves LV1 corresponding thereto, are com- 
bined by the dichroic prism P and directed onto the screen S by the reflecting optical system 2. An image (color image) 

5 based on the light valves LV1 is displayed on the screen by the reflecting optical system. The state of the distortion of 
the projection optical system 2 of the present embodiment is shown in Fig. 8, and the defocus characteristics at image 
positions (1) to (6) on the screen S in Fig. 4 are shown in Fig. 9. The projection optical system 2 of the present em- 
bodiment, as can be seen from Fig. 8, has no great distortion and has little asymmetrical distortion. The individual 
graphs of Fig. 9 representing the defocus characteristics show MTF of frequency 1 line/mm within a range of -25 cm 

10 to 25 cm from the screen on the reference axis, and solid line represents the contrast value in y direction in the local 
coordinates on the screen, and broken line represents the contrast value in x direction in the local coordinates on the 
screen. From this figure, it can be seen that at each image position, MTF has a peak on the screen, that is, is focused 
on the screen. Also, at each image position, the contrast value secures approximately 50%. 

[0129] Also, the ratios of quantity of light at image positions (5) : (7), (4), (8) and (9) on the diagonal in the screen 
15 shown in Fig. 4 are as follows (it is to be understood that the quantity of light at the position (4) is 1 00). 
[0130] (5)=96.5, (7)=101.2, (4)=100, (8)=102.9, (9)=105.5 
[0131] Thus, little or no difference is seen in the distribution of quantity of light. 

[0132] In the reflecting optical system used in the present embodiment, the focal lengths fi(0) and fl(90) at azimuths 
0 degree and 90 degrees evolved about the reference axis and the principal point positions H1(0) and H1 (90) on the 
20 light valves LV1 side are calculated as follows. However, the azimuth 0 degree is an azimuth including image positions 
(2), (4) and (6) in Fig. 4, and the azimuth 90 degrees is an azimuth including image positions (3) and (4) in Fig. 4. Also, 
the principal point positions have the concave mirror R1 as the reference, and the direction in which the light travels 
is defined as positive. 

f 1(0)=-1 9.81, f1(90)=-1 5.25, H1 (0)=-140.15, H1 (90)=-1 35.79 

[0133] Hence, 

30 

l(H(90)-H(0))/H(0)l=0.03<0.2 (1) 



11 -COS(42°)*f(0)/f(90)l=0.03<0.2 (2) 

35 

(where 42° is the angle formed by the normal Sa to the screen S and the reference axis A). 

[0134] In the present embodiment, the light valves LV1 are not shifted or tilted relative to the reference axis A and 
therefore, it is desirable that azimuth dependency be null when the reflecting optical system 2 is viewed from the light 
valves LV1 , that is, the principal point position have no azimuth dependency. In the present embodiment, as can be 

40 seen from the value of expression (1) : it can be said that the azimuth dependency of the principal point position is 
small. If the value of expression (1) is great, asymmetrical aberration will occur in a great deal, and this is not preferable 
from the viewpoint of aberration correction, and if the value of expression (1) becomes 0.2 or greater, aberration cor- 
rection will become difficult. Also, the value of expression (2) is small and therefore, the length to width ratio on the 
screen is kept. If the value of expression (2) becomes greater than 0.2, distortion will become great and aberration 

45 correction will become difficult. Also, when the stop is placed on the pupil of the screen S side, brightness will differ 
between the upper portion and the lower portion of the screen because the length of an optical pass passing through 
the upper portion of the screen and the length of an optical path passing through the lower portion of the screen differ 
from each other. 

[01 35] While in the present embodiment, the stop SS is provided between the rotation-asymmetrical reflecting surface 
so R2 and the rotation-asymmetrical reflecting surface R3, the present invention is not restricted thereto. While in the 
present embodiment, the rotation -asymmetrical reflecting surfaces are used as the surface reflecting surfaces, use 
may be made of an optical block having a rotation -asymmetrical reflecting surface formed on the surface of a trans- 
parent member as disclosed in Japanese Patent Application Laid-Open No. 8-292372, Japanese Patent Application 
Laid-Open No. 9-222561, Japanese Patent Application Laid-Open No. 9-258105, etc. 
55 [0136] Further, while in the present embodiment, the concave mirror R1 , the concave mirror R3, the convex mirror 
R5, the convex mirror R2 and the convex reflecting surface R4 are integrally formed by molding or the like, this is not 
restrictive. While in the present embodiment, six rotation -asymmetrical reflecting surfaces are used, the number of the 
reflecting surfaces is not limited to six, but may be arbitrary. However, from the viewpoint of aberration correction, it is 
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desirable that the number of the reflecting surfaces be at least three. Also, while the rotation-asymmetrical reflecting 
surfaces are of a shape symmetrical with respect to a certain plane, this is not restrictive. 

[0137] Fig. 10 is a schematic view of the essential portions of Embodiment 3 of the projection type displaying appa- 
ratus of the present invention. This embodiment differs from Embodiment 2 of Fig. 6 in that a projection optical system 

5 is provided in a case K provided with a transmission type screen S in the front thereof, and is applied to a back projection 
type displaying apparatus. A beam from a reflecting optical system 2 is turned back by a plane mirror MM1 and a plane 
mirror MM2 and is projected onto the transmission type screen S. By thus using a projection optical system which 
obliquely projects the beam onto the screen S, the lateral depth of the apparatus is made small. In this case, the greater 
is the angle between the reference axis and the screen, the more can be reduced the lateral depth of the apparatus. 

10 [01 38] While in the present embodiment, the optical path is bent by the two plane mirrors MM 1 and M M2, the present 
invention is not restricted thereto, but more than two mirrors may be used. 

[0139] The reflecting mirrors in each embodiment described above are disposed such that the concave mirror R1 , 
convex mirror R2, concave mirror R3, convex mirror R4, convex mirror R5 and concave mirror R6 are successively 
disposed on the route of the beam from the light valve side. In other words, the reflecting mirrors are so disposed as 

15 to have positive refractive power, negative refractive power, negative refractive power, positive refractive power, neg- 
ative refractive power and positive refractive power in succession from the screen side. The present invention, however, 
is not limited to the above arrangement of the reflecting mirrors but is also accomplished by such arrangement of the 
reflecting mirrors that the concave mirror, concave mirror, convex mirror, concave mirror, convex mirror and concave 
mirror are disposed on the route of the beam from the light valve side. Namely, the present invention may also be 

20 accomplished by the arrangement of the reflecting mirrors which are so disposed as to have positive refractive power, 
negative refractive power, positive refractive power, negative refractive power, positive refractive power and positive 
refractive power in succession from the screen side. Further, the present invention is not limited to the six reflecting 
mirrors but may also be accomplished by three reflecting mirrors or more. Furthermore, a refractive optical element, 
diffraction optical element may also be used in the above embodiments. 

25 [0140] As described above, according to each embodiment of the present invention, there can be provided a pro- 
jection type displaying apparatus which effects oblique projection and which uses a reflecting optical system which 
has three or more rotation-asymmetrical reflecting surfaces having curvatures and in which a beam from an image 
display panel repeats reflection by the plurality of rotation -asymmetrical reflecting surfaces and is projected onto a 
screen to thereby form a real image, and in which a stop is provided between the rotation -asymmetrical reflecting 

30 surface and a reflecting surface or between the reflecting optical system and a display panel so that the image of the 
stop may be formed at a negative magnification by an optical system more adjacent to the screen than the position of 
the stop, whereby the downsizing of the apparatus is achieved and yet the ratio of quantity of marginal light is secured 
and the enlarging rate is high. Further, according to the present embodiment, design is made such that the image plane 
enlarged and projected onto the screen surface is imaged obliquely relative to the reference axis, and the focal length, 

35 the principal point position, etc. evolved about the reference axis are set to appropriate values, whereby in spite of 
oblique projection, the quantity of light on the screen is made substantially uniform, and distortion, chiefly trapezoid 
distortion is restrained and a good projected image can be obtained. 

[0141] According to embodiments of the invention, each element is set as described above, whereby there can be 
achieved a projection optical system using an oblique projection method which contrives the downsizing of the appa- 
40 ratus and yet secures a great ratio of quantity of marginal light and which is high in the enlarging rate, and a projection 
type displaying apparatus using the same. 



Claims 

45 

1 . A projection optical system for guiding a beam from an image display panel onto a screen surface inclined relative 
to a reference axis (an optical path linking the center of the image display panel and the center of the range of 
projection on the screen together), and forming image information on said screen surface, comprising: 

so a reflecting optical system including a plurality of rotation-asymmetrical reflecting surfaces having curvatures; 

and 

a stop between the plurality of rotation -asymmetrical surfaces of said reflecting optical system or between said 
reflecting optical system and said image display panel; 

said stop being imaged at a negative magnification by an optical member disposed more adjacent to said 
55 screen than the position of said stop. 

2. A projection optical system according to Claim 1 , wherein the refractive power of the reflecting surface having a 
curvature on which the light passed through said stop is incident at first is positive. 
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3. A projection optical system according to Claim 1 , which is used when said image display panel and said screen 
are disposed in a non-parallel state. 

4. A projection optical system according to Claim 1 , wherein said reflecting optical system condenses the beam from 
said image display panel and forms an intermediate image. 

5. A projection optical system according to Claim 1 , wherein at least one of said plurality of rotation -asymmetrical 
reflecting surfaces comprises a surface reflecting mirror. 

6. A projection optical system according to Claim 1 , wherein at least one of said plurality of rotation-asymmetrical 
reflecting surfaces comprises a back reflecting mirror. 

7. A projection optical system according to Claim 1 , wherein said reflecting optical system includes at least one optical 
block designed such that two refracting surfaces and said plurality of rotation-asymmetrical reflecting surfaces 
having curvatures are formed on the surface of a transparent member, and the beam from said image display 
panel enters the interior of said transparent member from one of the refracting surfaces, is reflected by said plurality 
of rotation-asymmetrical reflecting surfaces and emerges from the other refracting surface. 

8. A projection optical system according to Claim 1 , wherein at least two of said plurality of rotation-asymmetrical 
reflecting surfaces are integrally made by molding. 

9. A projection optical system according to Claim 1 , wherein when the principal point position at an azimuth £ degrees 
on the image display panel side when said reflecting optical system is evolved about the center line linking the 
center of said image display panel and the center of trie image information on the screen surface together is defined 
as H(£), and the azimuth representing a plane containing said center line and a normal to said screen surface is 
defined as a, the condition that 

l(H(a+90°)-H(a))/H(a)l <0.2 

is satisfied. 

10. A projection optical system according to Claim 1 , wherein when the angle formed by the center line linking the 
center of said image display panel and the center of the image information on the screen surface together and a 
normal to said screen is defined as 0, and the focal length at an azimuth £ degrees when said reflecting optical 
system is evolved about said center tine is defined as f(£), and an azimuth representing a plane containing said 
center line and the normal to said screen is defined as a, the condition that 

I 1 -cose-f(a)/f(a+90°) I <0.2 

is satisfied. 

11. A projection optical system according to Claim 1 , wherein said reflecting optical system has three or more rotation- 
asymmetrical aspherical reflecting surfaces. 

12. A projection optical system according to Claim 1 , wherein said reflecting optical system has six rotation-asymmet- 
rical aspherical reflecting surfaces, and said six reflecting surfaces have positive, negative, negative, positive, 
negative and positive refractive power in succession from the screen side or positive, negative, positive, negative, 
positive and positive refractive power in succession from the screen side. 

13. A projection type displaying apparatus which includes the projection optical system of one of claims 1 to 12, 

wherein a beam based on the image display panel is guided onto a screen surface to form image information 
on said screen surface. 

14. A projection type displaying apparatus which includes the projection optical system of one of claims 1 to 12, 

wherein a beam based on the image display panel is guided to a transmission type screen through one or 
more plane mirrors to form image information on said screen surface. 
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15. A projection optical system for projecting light from a display panel, comprising: 

a stop; and 

a plurality of reflecting surfaces; 
5 the refractive power of one of said plurality of reflecting surfaces on which the light passed through said stop 

is incident at first and which has refractive power being positive. 

1 6. A projection optical system according to Claim 15, wherein the reflecting surface on which the light passed through 
said stop is incident at first and which has a curvature is a concave reflecting surface or a refracting surface. 

10 

17. A projection optical system according to Claim 15, wherein the reflecting surface on which the light passed through 
said stop is incident at first and which has a curvature is an aspherical surface having refractive power. 

18. A projection optical system according to Claim 17, further including a plurality of aspherical reflecting surfaces 
15 having refractive power. 

19. A projection optical system according to Claim 15, wherein the reflecting surface on which the light passed through 
said stop is incident at first and which has a curvature is a rotation -asymmetrical aspherical surface. 

20 20. A projection optical system according to Claim 15, wherein said plurality of reflecting surfaces include a plurality 
of reflecting surfaces having a plurality of rotation-asymmetrical aspherical surfaces and having refractive power. 

21. A projection optical system according to Claim 20, which is used when said image display panel and said screen 
are disposed in a non-parallel state. 

25 

22. A projection optical system according to Claim 20, wherein said reflecting optica! system condenses the beam 
from said image display panel and forms an intermediate image. 

23. A projection optical system according to Claim 20, wherein at least one of said plurality of rotation-asymmetrical 
30 reflecting surfaces comprises a surface reflecting mirror. 

24. A projection optical system according to Claim 20, wherein at least one of said plurality of rotation-asymmetrical 
reflecting surfaces comprises a back reflecting mirror. 

35 25. A projection optical system according to Claim 20, wherein said reflecting optical system includes at least one 
optical block designed such that two refracting surfaces and said plurality of rotation-asymmetrical reflecting sur- 
faces having curvatures are formed on the surface of a transparent member, and the beam from said image display 
panel enters the interior of said transparent member from one of the refracting surfaces, is reflected by said plurality 
of rotation-asymmetrical reflecting surfaces and emerges from the other refracting surface. 

40 

26. A projection optical system according to Claim 20, wherein at least two of said plurality of rotation-asymmetrical 
reflecting surfaces are integrally made by molding. 

27. A projection optical system according to Claim 20, wherein the principal point position at an azimuth £ degrees on 
45 the image display panel side when said reflecting optical system is evolved about the center line linking the center 

of said image display panel and the center of the image information on the screen surface together is defined as 
H(£), and an azimuth representing a plane containing said center line and a norrnalto said screen surface is defined 
as a, the condition that 

l(H(a+90°)-H(a))/H(a)l<0.2 



is satisfied. 

55 28. A projection optical system according to Claim 20, wherein when the angle formed by the center line linking the 
center of said image display panel and the center of the image information on the screen surface together and a 
normal to said screen is defined as 0, and the focal length at an azimuth £ degrees when said reflecting optical 
system is evolved about said center line is defined as f(£), and an azimuth representing a plane containing said 
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center line and the normal to said screen is defined as a, the condition that 

I1-cose-f(a)/f(a-f-90°)l<0.2 

5 

is satisfied. 

29. A projection optical system according to Claim 1 5 } wherein said reflecting optical system has three or more rotation- 
asymmetrical aspherical reflecting surfaces. 

10 

30. A projection optical system according to Claim 15, wherein said reflecting optical system has six rot at ion -asym- 
metrical aspherical reflecting surfaces, and said six reflecting surfaces have positive, negative, negative, positive, 
negative and positive refractive power in succession from the screen side or positive, negative, positive, negative, 
positive and positive refractive power in succession from the screen side. 

15 

31. A projection type displaying apparatus provided with the projection optical system of one of claims 15 to 30, and 
guiding a beam based on the image display panel onto a screen surface, and forming image information on said 
screen surface. 

20 32. A projection type displaying apparatus provided with the projection optical system of one of claims 15 to 30, and 
guiding a beam based on the image display panel to a transmission type screen through the intermediary of one 
or more plane mirrors, and forming image information on said screen surface. 

33. A projection optical system for guiding a beam from an image display panel onto a screen surface inclined relative 
25 to a reference axis, and forming image information on said screen surface, comprising: 

a reflecting optical system having a plurality of rotation-asymmetrical reflecting surfaces having curvatures; 
wherein the beam from said image display panel is condensed by an optical element including said reflecting 
optical system to thereby form an intermediate image. 

30 

34. A projection optical system according to Claim 33, which is used when said image display panel and said screen 
are disposed in a non-parallel state. 

35. A projection optical system according to Claim 33, wherein at least one of said plurality of rotation-asymmetrical 
35 reflecting surfaces comprises a surface reflecting mirror. 

36. A projection optical system according to Claim 33, wherein at least one of said plurality of rotation-asymmetrical 
reflecting surfaces comprises a back reflecting mirror. 

40 37. A projection optical system according to Claim 33, wherein said reflecting optical system includes at least one 
optical block designed such that two refracting surfaces and said plurality of rotation -asymmetrical reflecting sur- 
faces having curvatures are formed on the surface of a transparent member, and the beam from said image display 
panel enters the interior of said transparent member from one of the refracting surfaces, is reflected by said plurality 
of rotation-asymmetrical reflecting surfaces and emerges from the other refracting surface. 

45 

38. A projection optical system according to Claim 33, wherein at least two of said plurality of rotation -asymmetrical 
reflecting surfaces are integrally made by molding. 

39. A projection optical system according to Claim 33, wherein the principal point position at an azimuth % degrees on 
so the image display panel side when said reflecting optical system is evolved about the center line linking the center 

of said image display panel and the center of the image information on the screen surface together is defined as 
H(^) , and an azimuth representing a plane containing said center line and a normal to said screen surface is defined 
as a, the condition that 

55 l(H(a+90°)-H(a))/H{a)l<0.2 

is satisfied. 
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40. A projection optical system according to Claim 33, wherein when the angle formed by the center line linking the 
center of said image display panel and the center of the image information on the screen surface together and a 
normal to said screen is defined as 6, and the focal length at an azimuth % degrees when said reflecting optical 
system is evolved about said center line is defined as f(£), and an azimuth representing a plane containing said 
5 center line and the normal to said screen is defined as a, the condition that 



1 1 -cos 6 -f ( a)/f ( a+90 ° )/<0 .2 



w is satisfied. 

41 . A projection optical system according to Claim 33, wherein said reflecting optical system has three or more rotation- 
asymmetrical aspherical reflecting surfaces. 

is 42. A projection optical system according to Claim 33, wherein said reflecting optical system has six rotation -asym- 
metrical aspherical surfaces, and said six reflecting surfaces have positive, negative, negative, positive, negative 
and positive refractive power in succession from the screen side or positive, negative, positive, negative, positive 
and positive refractive power in succession from the screen side. 

20 43. A projection type displaying apparatus including the projection optical system of one of claims 33 to 42, and guiding 
a beam based on the image display panel onto a screen surface, and forming image information on said screen 
surface. 



44. A projection type displaying apparatus including the projection optical system of one of claims 33 to 42, and guiding 
25 a beam based on the image display panel to a transmission type screen through the intermediary of one or more 

plane mirrors, and forming image information on said screen surface. 

45. A projection optical system for guiding a beam from an image display panel onto a screen surface inclined relative 
to a reference axis (an optical path linking the center of the image display panel and the center of the range of 

30 projection on the screen together), and forming image information on said screen surface, comprising: 

a reflecting optical system having a plurality of rotation -asymmetrical reflecting surfaces having curvatures; 
the number of said rotation-asymmetrical reflecting surfaces being three or more. 

35 46. A projection optical system according to Claim 45, which is used when said image display panel and said screen 
are disposed in a non-parallel state. 

47. A projection optical system according to Claim 45, wherein said reflecting optical system condenses the beam 
from said image display panel and forms an intermediate image. 

40 

48. A projection optical system according to Claim 45, wherein at least one of said plurality of rotation -asymmetrical 
reflecting surfaces comprises a surface reflecting mirror. 

49. A projection optical system according to Claim 45, wherein at least one of said plurality of rotation-asymmetrical 
45 reflecting surfaces comprises a back reflecting mirror. 

50. A projection optical system according to Claim 45, wherein said reflecting optical system includes at least one 
optical block designed such that two refracting surfaces and said plurality of rotation-asymmetrical reflecting sur- 
faces having curvatures are formed on the surface of a transparent member, and the beam from said image display 

so panel enters the interior of said transparent member from one of the refracting surfaces, is reflected by said plurality 

of rotation-asymmetrical reflecting surfaces and emerges from the other refracting surface. 

51. A projection optical system according to Claim 45, wherein at least two of said plurality of rotation-asymmetrical 
reflecting surfaces are integrally made by molding. 

55 

52. A projection optical system according to Claim 45, wherein when the principal point position at an azimuth % degrees 
on the image display panel side when said reflecting optical system is evolved about the center line linking the 
center of said image display panel and the center of the image information on the screen surface together is defined 
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as H(£), and an azimuth representing a plane containing said center line and a normal to said screen surface is 
defined as a, the condition that 

5 l(H(a+90°)-H(a))/H(a)l<0.2 
is satisfied. 

53. A projection optical system according to Claim 45, wherein when the angle formed by the center line linking the 
10 center of said image display panel and the center of the image information on the screen surface together and a 

normal to said screen is defined as 6, and the focal length at an azimuth £ degrees when said reflecting optical 
system is evolved about said center line is defined as f(£), and an azimuth representing a plane containing said 
center line and the normal to said screen is defined as a, the condition that 

15 

I1-cose-f(a)/f(a+90°)l<0.2 

is satisfied. 

20 54. A projection optical system according to Claim 45, wherein said reflecting optical system has three or more rotation- 
asymmetrical aspherical reflecting surfaces. 

55. A projection optical system according to Claim 45, wherein said reflecting optical system has six rot at ion -asym- 
metrical aspherical reflecting surfaces, and said six reflecting surfaces have positive, negative, negative, positive, 

25 negative and positive refractive power in succession from the screen side or positive, negative, positive, negative, 

positive and positive refractive power in succession from the screen side. 

56. A projection type displaying apparatus provided with the projection optical system of one of claims 45 to 55, and 
guiding a beam based on the image display panel onto a screen surface, and forming image information on said 

30 screen surface. 

57. A projection type displaying apparatus including the projection optical system of one of claims 45 to 55, and guiding 
a beam based on the image display panel to a transmission type screen through the intermediary of one or more 
plane mirrors, and forming image information on said screen surface. 

35 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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